Start EXPGUI

M 00N \| Experiment file

Select an experiment file to read

Directory [UsersftobyfprojectsfexampleFAP _.|
|\ <Parent> (Directory)

« File Name
 Mod. Date

Help
Sort .EXP files by

Cancel

Read l

|fapatite |

A

Enter a name for the experiment file (your choice). Press Read. Since this is a file we

want to create we get a warning box:

®nn X\ File Open Error

File FAPATITE.EXP does not exist in
/Users/toby/projects/exampleFAP. OK to create?

Help

Select other Create

/,

Press Create and enter an arbitrary title (for your own use):

enn I\ Input title for experiment FAPATITE.EXP

Input a value for the title for experiment FAPATITE.EXP
|Fluoroapatite example]

Continue

|

Help
pr——

N

Press Continue. EXPGUI then opens and brings you to the phase panel (this is a hint).
Note that almost all other tabs are disabled (also a hint).

e 0o \| EXPGUI interface to GSAS: FAPATITE.EXP
File Options Powder Xtal Graphs Results Calc Macro Import/Export

Help

expnam | expedt | genles | powpref | powplot | Istview | liveplot | leBail |

LS Controls Phase | | \ | ‘ ‘

| \

Phase:

Add
Phase

title:|
[ | e |
\ | v |

Edit
Cell

Refine Cell ¥

Cell damping —

=

| | |

I
o= o= o
| —

| | I | |

|

v

Press Add Phase to enter the structural information. Note that we are going to read

a cell and atoms in one step, but this can be done in different steps. This information
can be read from a file or be typed into windows.



NeNe

N\ add new phase

Adding phase #1
Phase title: |
Cell
Space Group: Type |2 I b | ¢
Any — | « |90. B a0, y |90,

Add | cancel |

Help

Import phase from: | PowderCell .CEL file —4]

VY

Here we read from a CIF file by changing PowderCell to CIF. This brings up a
window where we can select the CIF file (note this window will appear different

depending on the operating system):

00N '\ Open
Directory: {UsersftobyiprojectsfexampleFAP — |
B FAP.cif

=]

File name: |FAP.cif

Files of type: All Crystallographic Information File (CIF) (*.cif,...) — ]

Qpen |

Cancel [

/

Press Open. Lattice/space group information is loaded into the window for us:

®nNn '\ add new phase
Adding phase #1
Phase title: Ifrom {Usersitoby/projectsi/exampleF AP/F AP cif
Cell
a 8.372 b 18.372 ¢ 6.886

Space Group: P 63/m Type ! , I

Any — ||| xJs00 B |ao.o ¥ [120.0
Continue | Cancel | Help | Import phase from: | Crystallographic Information File (CIF) _.|

4

Look this information over, it is not always correct - particularly the space group (at
least one space is needed here between the P and the 6, for example). Here all is OK
so, press Continue. EXPGUI shows the generated symmetry operations:

NN I\| check

Check the symmetry operators in the output below

Space group P 63/m

The lattice is centric primitive hexagonal
Multiplicity of a general site is

The symmetry of the point 0,0,0 contains lbar

Laue

The equivalent positions are:

(1)
{ 4)

X
-X

Y

Z (2 =% X 1/2+2
-Y 1/2+Z ( 5) X z

=

Continue Redo
—




Itis a good idea to check these against the International Tables Volume A. These are
what was wanted, so we press Continue. Next we see the atoms:

e 00 N add new atom

Adding atoms to phase #1 |
Atom : Use
# type Name | X | % z Qcc | Uiso Flag
1 CA CA1 0.33333 0.66667 0.001 1.0 0.3947835C v
2 |CA CAZ 0.242 0.992 0.25 1.0 0.3847835C v
3 P P3 0.397 0.367 0.25 1.0 0.3947835C v
4 |F Fa 0.0 0.0 0.25 1.0 0.78956701 v
5 |0 [of:] 0.325 0.485 0.25 1.0 0.3947835C v
6 |0 06 0.581 0.469 0.25 1.0 0.3947835C ¥
7 |0 Q7 0.34 0.258 0.07 1.0 0.3947835C ¥
Help ‘ More atom boxes |
Add Atoms | Cancel | Import atoms from: | Crystallographic Information File (CIF) — ]
e —————————————S;

Note that these Uiso values are very large! This CIF must have them wrong. We can
change them now, but we will deal with this later. Otherwise the input is OK, so
press Add Atoms to continue. Now the Phase panel has been filled out with our first
(and in this case, only) phase. Note we can now access the Powder panel. So lets do
that. Now we will add data (a histogram in GSAS jargon).

| OO0 O X| EXPGUI interface to GSAS: FAPATITE.EXP
File Options Powder Xtal Graphs Results Calc Macro Import/Export Help

expnam | expedt | genles | powpref | powplot | Istview | liveplot | leBail
LS Controls | Phase Powder | Scaling | | |

Select a histogram ]No Sels d Histograms |
h# type bank ang/wave title

Refine background Damping —

—Background

— Diffr (of

—Absorption/Reflectivity Correction

Refine Abs./Refl. Damping  — _]

—  Add New
Histogram

Set Data Limits &
Excluded Regions

Set Histogram
Use Flags

4

Press Add New Histogram (at bottom). Here we will enter the data file name by
pressing the upper Select File button

800 I\ add new histogram |
Adding a new histogram [~ Dummy Histogram
Datafile: | | selectFile | ImportcIF |
Select bank
Instrument " .
panstrumeitt | | SelectFile | Editfle |
Select set
" d-min
_— o Q-max Run
Usable data limit:
. TOF-min _RAWPLOT
2-Theta Max

Add Cancel Help y

Select the FAP.GSA data file:



e 0N \ Open

Directory: {Usersftobyiprojects/exampleFAP —4[
B FAP.GSA
| ]
File name: FAP.GSA Open
Files of type: Data files (*.GSA™,*.RAW,*.gsa*,*.raw," fxye) — | Cancel |/
——

Then press Open. We now need an instrument parameter file to specify the data
type, provide default peak widths etc. We will use a GSAS-distributed file for this.
Press the lower Select file button and select file INST XRY.PRM

M 0N \ Open

Directory: {Usersftoby/projectsfexampleFAP — |
El INST_XRY.PRM

f I
File name: [INST_XRY.PRIM |’ Open |

Files of type: Inst files (*.INS*,*.ins*,*.PRM,*.prm) — | Cancel |/
)

The press Open. You may get a warning that you can ignore (just press OK):

800 X/ Convert?

File /Users/toby/projects/exampleFAP/INST_XRY.PRM
£ is not in the correct format for GSAS.
OK to convert?

o] |

/4

The powder histogram information is now ready to be added to the experiment, but
before we do that we might want to change the data limit to use less data. One can
use RAWPLOT to look at the data, but here lets use all the data (to 130 degrees).

e nn \| add new histogram
Adding a new histogram I~ Dummy Histogram
Datafile:  [FAP.GSA | SelectFile Import CIF

Select bank oN|

panstrument  INST_XRY.PRM | SelectFile |  Editile

Select set O |

CW X-ray
“ d-min
Usable data limit: 130.04 © (G RA&VL;’HLOT
+ TOF-min
2-Theta Max
Add | cancel | [ Hew |

4

Press Add to add the data. We see this in the Histogram panel:



800

\ EXPGUI interface to GSAS: /Users/toby/projects/exampleFAP/FAPATITE.EXP (modified)
File Options Powder Xtal Graphs Results Calc Macro Import/Export

Help

expnam | expedt | genles | powpref | powplot | Istview | liveplot | leBail |

Select a histogram

LS Controls | Phase Powder | Scaling | Profile | Re/Constraints | Rigid Body | MD Pref Orient | SH Pref Orient |

~Background

h# type bank ang/wave
1 XCR

titl

1 1.54050 15.000

[%| Function type 2 (3 terms)  Edit Background

Refine background ~ Damping 0 —

— Diffr Ci
wavelengths|1.540500 |1.544300
Refine ratio [ Ratio IW Damping 0 —
Refine zero [ Zero lmi
RefinePOLA I POLA |07 IPOLA o

—Absorption/Reflectivity Correction
Model #0, value: 0.000000E+00

Refine Abs./Refl. I~ Damping 0 — Edit Abs./Refl.

= Add New
Histogram

Set Data Limits &
Excluded Regions

Set Histogram
Use Flags

Before we do any refinement, we should see what the pattern looks like. On the
controls panel set the number of cycles to zero:

eno '\ EXPGUI interface to GSAS: /Users/toby/projects/exampleFAP/FAPATITE.EXP (modified)

File Options Powder Xtal Graphs Results Calc Macro Import/Export Help
expnam | expedt | genles | powpref | powplot | Istview | liveplot | leBail |
LS Controls | Phase | Powder | Scaling | Profile | Re/Constraints | Rigid Body | MD Pref Orient | SH Pref Orient |
Select a histogram | | agt History: ’EXPTOOL MacOSX Jun 22 14:37:47 2012 P H
h# type bank ang/wave
i1 xR 1 1.54050 15/ Title: IFIuoroapatite example
Convergence Criterion
Number onycIele I 0.01 || |
Print Obti 5 Marquardt Damping
rint Options (! )l 1.0 [_i_l—
LS matrix bandwidth|0 |
—Reflection Intensity Extraction
Extraction - =
Method LeBail damping 0 — || Extract Fobs v |
1 (Phase #)
Rietveld 6 & & & &G &G 6 & &
F(calc) Weighted =~ & ¢ & & & & & & (Modelbiased)
_|| Equally Weighted © « & & & & & & & (Le Bail method)
Fd -
—/J

To start running press the powpref button



ﬂ $N) \ powpref -- FAPATITE

_ | Histogram no, 1 Bank no, 1 Lambdal,lambda2 = 1,54050 1,54430
Title: 15,000 L020 90,000 PS1286 90MR21 Y286 DOUBLE T=13K2
Histogram is not ready to be used in least-squares

Histogram needs to be processed by POWPREF

Header on file:

15,000 L020 90,000 PS1286 J0MR21 Y286 DOUBLE T=19K2 15,000

TOP POWPREF terminated successfully statement executed
ress Enter to continue

Press Enter in the window to continue. The EXP file has been changed by the
POWPREF program, so we press Load New

800 \| Reload?
Help

File FAPATITE.EXP has been modified by
another program.

Do you want to use the newer (modified) version
or continue with the older (previous) version of

the file?
Load new | Continue with old |

Then press the genles button to start that program. With 0 cycles, it will compute
the powder intensities, but not refine any parameters.
e 0o \ genles -- FAPATITE

VA

Restraint data statistics:
No restraints used

Powder data statistics Fitted -Bknd Average
Bank Ndata Sum{w*d**2) wRp Rp  uwRp Rp Dild Integral

Hstgm 1 PEC 1 5751 1,81396E+06 0,9963 0, 9953 0,9964 0,9363 0,017 1,000

Powder totals 5751 1,81396E+06 0,9963 0,9963 0,9964 0,9963 0,017

Cycle 1 There were 5751 observations,

Total before-cycle CHI**2 (offset/sig) = 1,8140E+06 { 1,6866E+04)

Reduced CHI**2 = 315,6 for 4 variables
Histogram 1 Type PXC  Mobs = 646 R(F**2) = 10,9997

CPU times for matrix build 0,06 sec: matrix inversion 0,00 sec

Final variable sum({shift/esd)**2) for cycle 13 0,00 Times 0,06 sec
TOP GEMLES terminated successfully statement executed

ress Enter to continuel

As before press Enter and then Load New in the next window. Now press the
liveplot button to see a plot. We see the plotted data, but no computed intensity.



enNno \ liveplot
Eile Options Magnification Peak Gen Help

FAPATITE cycle 1 Hist 1

X
X
X
K
X

Intensity

~20000 | M

T T T T T
50 100
2Theta

AN

If we zoom in enough (drag a box with the left mouse button to zoom in; click with
the right to zoom out), we see that there are computed intensities but they are
computed with perhaps 50 counts, while the raw data have 20,000 counts.

eno \ liveplot
Eile Options Magnification Peak Gen Help |
FAPATITE cycle 1 Hist 1
heckgr
i — Calc
X Obs
— diff
400 — -0 Phasel
=
5 200
=
04
T T T T T
25 30 35
Z2Theta 4

While we could refine the scale factor, lets instead multiply the scale factor by
20,000/50 (400) using the scaling panel:



8eno '\ EXPGUI interface to GSAS: /Users/toby/projects/exampleFAP/FAPATITE.EXP (modified)
File Options Powder Xtal Graphs Results Calc Macro Import/Export Help

expnam | expedt | genles | powpref | powplot | Istview | liveplot | leBail |
LS Controls | Phase | Powder Scaling | Profile | Re/Constraints | Rigid Body | MD Pref Grient | SH Pref Orient |

Select a histogram —Scale Factor

hi bank titl
Gz R a . Scale Refine v Damping 0 —

1 xc 1 1.54050 15.000 .020 9(
—Phase Fracti

|Phase1 1.0000 Refine I Damping 0 — |*

e |
4

Then press Genles, press Enter and Load New as before. Liveplot updates to show us
the new plot automatically:

000 X liveplot

File Options Magnification Peak Gen ﬂelpl

FAPATITE cycle 2 Hist 1

J ~—— hckgr
X — Calc
X X Obs
| ” —diff
400 | K X Phase1

% ><>%< X @
% K%
P
S

= VA

=

& 200

£

U J

I
25 30 35
2Theta

NN

Or when we zoom out:



e o N liveplot

File Options Magnification Peak Gen Help
FAPATITE cycle 2 Hist 1
20000 ~—— hckgr
— Calc
- X Obs
— diff
10000 — -@- Phasel
= 0
2
2
= i
-10000 -
-20000 -
T | T | T
50 100
ZTheta y

Note that peaks are more or less lining up. The intensity falls off way too fast (this is
due to the Uiso values being too high. Lets change them. On the phase panel drag the
mouse over all atoms:

eno '\ /Users/toby/projects/exampleFAP/FAPATITE.EXP
File Options Powder Xtal Graphs Results Calc Macro Import/Export Help

expnam | expedt | genles | powpref | powplot | Istview | liveplot | leBail
LS Controls Phase | Powder | Scaling | Profile | Re/Constraints | Rigid Body | MD Pref Orient | SH Pref Orient |

Phase:|_1 Replace title: |fmm {Usersftoby/projectsiexampleF AP/F AP.cif

Add a [9.372000 | b [9.372000 | ¢ 6.886000 | gt Refine Cell u
Phase « (900000 | B [90.0000 | v [120.0000 | Cell | cell damping 0 —

nane type ref/damp 1 i i Mult Uiso

1cAl  CA 0 0 0 0.333330 0.666670 0.001000 4 1.0000  0.39478 A

2¢c2  cA 0 0 0 0.242000 0.992000 0.250000 6 1.0000  0.39478

3p3 P 0 0 0 0.397000 0.367000 0.250000 6 1.0000  0.39478

4F4 F 0 0 0 0.000000 0.000000 0.250000 2 1.0000  0.78957

505 o 0 0 0 0.325000 0.485000 0.250000 6 1.0000  0.39478

606 0 0 0 0 0.591000 0.469000 0.250000 6 1.0000  0.39478

707 o 0 0 0 0.340000 0.258000 0.070000 12 1.0000  0.39478

Set refinement options: atoms 1-7 Add New Atoms
Refinement Flags: X U [ F Damping: X 0 —|U 0 —|F 0 —| Modify Atoms
L | | I |
| I I | | I

4

Press Modify Atoms. Change the Uiso value in the new window to 0.01



™ O 7\ Edit Atomic Parameter —- phase #1
Modifying atoms 1-7 Phase 1

~Modify coordinates

newx = [1.0  x+ |0 y + |0 z+ 0.
newy = |0 x + |10 y + |0 z+ |0
newz = |0. x + |0 y + |10 z+ |0

Transform Coordinates |

Reset Multiplicities |
~Modify occupancies
Occupancy: 1.0

Set Occupancies |
~Modify Displacement Parameters

Uiso or Uequiv:
SetU |

Set |sotropic | Set Anisotropic

~Erase Atoms

Erase Atoms

~Fix Atoms Coordinates

X y z
unfixed | unfixed | unfixed

Close Help |
V

—

Press Set U and then Close. Note the Uiso values are now changed on the phase

panel:
e no '\ EXPGUI interface to GSAS: /Users/toby/projects/exampleFAP/FAPATITE.EXP (modified)
File Options Powder Xtal Graphs Results Calc Macro Import/Export Help

expnam | expedt | genles | powpref | powplot | Istview | liveplot | leBail |
LS Controls  Phase | Powder | Scaling | Profile | Re/Constraints | Rigid Body | MD Pref Grient | SH Pref Orient |

Phase:IT Replace | title:lfrom {Users{toby/projects/exampleF AP/F AP cif

Add a [9.372000 | b [9.372000 | ¢ (6.886000 | pgqi Refine Cell r
Phase « [90.0000 | B [80.0000 | y [120.0000 | Cell | Celldamping 0 — |

* name type refydamp fractional coordinates Mult Occupancy Uiso

1cal cA 0 0 0 0.333330 0.666670 0.001000 4 1.0000 0.01000 A

2 CA2 CA 0 0 0 0.242000 0.992000 0.250000 6 1.0000  0.01000

3 p3 P 0 0 0 0.397000 0.367000 0.250000 6 1.0000  0.01000

4 F4 F 0 0 0 0.000000 0.000000 0.250000 2 1.0000 0.01000

5 05 0 0 0 0 0.325000 0.485000 0.250000 6 1.0000  0.01000

6 06 0 0 0 0 0.591000 0.469000 0.250000 6 1.0000  0.01000

7 07 0 0 0 0 0.340000 0.258000 0.070000 12 1.0000  0.01000
=] ] -
Set refinement options: atoms 1-7 Add New Atoms |
RefinementFlags: X U [ F Damping:X 0 —|U 0 —|F 0o —| Modify Atoms |




Recompute with Genles, as before. Liveplot now shows much better intensities,
though now our scale factor is probably too big.

e no N\ liveplot
File Options Magnification Peak Gen Help |

FAPATITE cycle 3 Hist 1

100000 —

Intensity
o
1

-100000 —

2Theta 4

Lets start refining the model to better fit the data. Change the number of cycles to 3

e no \ EXPGUI interface to GSAS: /Users/toby/proj AP /FAPATITE.EXP (modified)
File Options Powder Xtal Graphs Results Calc Macro Import/Export Help

expnam | expedt | genles | powpref | powplot | Istview | liveplot | leBail |
LS Controls | Phase | Powder | Scaling | Profile | Re/Constraints | Rigid Body | MD Pref Orient | SH Pref Orient |

Select a histogram Last History: ’GENLES MacOSX Jun 22 15:02:28 2012‘

ht type bank ang/vave
1 % 1 1.54050 5] Title: |Fluoroapatite example

Convergence Criterion

Number of Cycles- 001 [ I
. . Marquardt Damping
Print Options (0) I w00

LS matrix bandwidth|0
—Reflection | ity Extraction
(B LeBail damping 0 — || |Extract Fobs v
1 (Phase #)
Rietveld & & & & & & & & &
F(calc) Weighted ©~ <« ¢ ¢ & & & & & (Modelbiased)
Equally Weighted ©~ < & ¢ & & & & & (Le Bail method)

Use the refine cell option on the phase panel



e 0o '\ EXPGUI interface to GSAS: /Users/toby/projects/exampleFAP/FAPATITE.EXP (modified)
File Options Powder Xtal Graphs Results Calc Macro Import/Export Help

expnam | expedt | genles | powpref | powplot | Istview | liveplot | leBail |
LS Controls  Phase | Powder | Scaling | Profile | Re/Constraints | Rigid Body | MD Pref Orient | SH Pref Orient |

Phase:IT Replace title: |from {Usersitoby/projects/exampleF AP/F AP.cif

Add a (9.372000 | b [9.372000 | ¢ [6.886000 | Egit Refine Cell v
Phase « [90.0000 | B [90.0000 | y 1200000 | Cell | Cell damping 0 —

* name type ref/damp £ ional i Mult Uiso

1cAl CA 0 0 0 0.333330 0.666670 0.001000 4 1.0000  0.01000

2 CA2  CA 0 0 0 0.242000 0.992000 0.250000 6 1.0000  0.01000

3p3 P 0 0 0 0.397000 0.367000 0.250000 6 1.0000  0.01000

4 F4 F 0 0 0 0.000000 0.000000 0.250000 2 1.0000  0.01000

5 05 0 0 0 0 0.325000 0.485000 0.250000 6 1.0000  0.01000

6 06 0 0 0 0 0.591000 0.469000 0.250000 6 1.0000  0.01000

7 07 0 0 0 0 0.340000 0.258000 0.070000 12 1.0000  0.01000

4 =

Add New Atoms
r r r 0~ o~ b~
|

| | I I | |

Change the background to type 1 with six parameters. Select the Powder Panel, use
Edit Cell. One the edit cell window select function type 1, and number of terms 6.

800N \| Edit Background
Setting background terms for histogram 1 Fit Background
Function type 1 —| Number ofterms 6 — | Graphically
110 2|00 3/0.0 4
5| 8|
i [
Cancel Helpé

The press Continue. Confirm that Refine background is checked.

(L NeNG) '\ EXPGUI interface to GSAS: /Userstoby/projects/exampleFAP/FAPATITE.EXP (modified)
File Options Powder Xtal Graphs Results Calc Macro Import/Export Help

expnam | expedt | genles | powpref | powplot | Istview | liveplot | leBail |
LS Controls | Phase Powder | Scaling | Profile | Re/Constraints | Rigid Body | MD Pref Orient | SH Pref Orient |

Select a histogram |
h# type bank ang/wave titl —Background
1 x 1 1.54050 15.000

Function type 1 (6 terms)  Edit Background

Refine background ~ Damping 0 —

—Diffractometer Constants

wavelengths|1.540500 |1.544300
Refine ratio | Ratio 0.50000 Damping 0 —

Refine zero [ Zero 0.0
Refine POLA I POLA |07 IPOLA o

—Absorption/Reflectivity Correction
Model #0, value: 0.000000E+00

Refine Abs./Refl. I~ Damping 0 — Edit Abs./Refl.

= A_dd New Set Data Limits &
= - Histogram Excluded Regions

Set Histogram
Use Flags

Now lets refine by pressing the genles button.
The GENLES output shows the X? dropping from 6813 to 74



eno \ genles -- FAPATITE

Restraint data statistics:
Mo restraints used

Powder data statistics Fitted -Bknd Average
Bank Ndata Sum{w*d**2) uwRp Rp  uwRp Rp Dd Integral

Hstgm 1 PKC 1 5751 3,91213E+07 4,6269 2,8865 4,6352 2,8833 0,397 1,000

Powder totals 5751 3,91213E+07 4,626 2,8865 4,6352 2,8893 0,397

Cycle 4 There were 5751 observations,

Total before-cycle CHI**2 (offset/sig) = 3,9121E+07 ( 3,6501E+05)

Reduced CHI**2 = E813, for 9 variables
Histogram 1 Type PXC MNobs = 646 R{F**2) = 2,9591

CPU times for matrix build 0,06 sec: matrix inversion 0,00 sec
Final variable sum{(shift/esd)**2) for cycle 4 5421,44 Time: 0,06 sec

Restraint data statistics:
Mo restraints used

Powder data statistics Fitted -Bknd Average
Bank Ndata Sum{w*d**2) wRp Rp  uRp Rp Dlid  Integral
Hstgm 1 PXC 1 5751 4,86594E+05 0,5160 0,4190 0,6357 0,5303 0,379 1,000
Powder totals 5751 4,86594E+05 0,5160 0,4130 0,6357 0,5303 0,379 y
T —

(S NON&) \ genles -- FAPATITE

Reduced CHI**2 = 84,74 for 9 variables
Histogram 1 Type PEXC MNobs = 646 R(F**2) = 0,4534

CPU times for matrix build 0,06 sec: matrix inversion 0,00 sec
Final variable sum{(shift/esd)**2) for cycle G5: 250,52 Times: 0,06 sec

Restraint data statistics:
No restraints used

Powder data statistics Fitted -Bknd Average
Bank Mdata Sum{w*d**2) wRp Rp  wRp Rp Diid  Integral

Hstgm 1 PXC 1 5751 4,25375E+05 0,4825 0,3839 0,5928 0,4812 0,339 1,000

Powder totals 5751 4,25375E+05 0,4825 0,3839 0,5928 0,4812 0,339

Cycle 6 There were 5751 observations,

Total before-cycle CHI**2 {offset/sig) = 4,2537E+05 { 3,9158E+03)

Reduced CHI**2 = 74,08 for 9 variables
Histogram 1 Type PEC  MNobs = 646 R{F**2) = 0,4432

CPU times for matrix build 0,06 sec: matrix inversion 0,00 sec

Final variable sum({(shift/esd)**2) for cycle 63 246,65 Time: 0,06 sec
STOP GEMLES terminated successfully statement executed

Press Enter to continue y

Liveplot will also show the fit looks better.



0o \ liveplot
Eile Options Magnification Peak Gen Help
FAPATITE cycle 6 Hist 1
§ ~—— hckgr
— Calc
X Ohs
— diff
-0 Phasel
=
i
=
g
=
-10000 —
T T T T T
50 100
Z2Theta y

Run powpref and genles again (because the cell dimensions changed a fair amount).
X? drops to 61.

Zooming in on the pattern in liveplot shows the match to the intensities are not bad.
The peak shape is a bit narrow, but not bad.

eno \ liveplot
File Options Magnification Peak Gen Help |

FAPATITE cycle 9 Hist 1

| % ~— hckgr
— Calc
N X Obs
— diff
4000 - Phasel
3 %
=
= "
5 %
£
2000 —

2Theta y

Select to refine the atom positions (as allowed by symmetry) and Uiso values by
selecting all atoms and click on X and F below the atoms:




189006 N\ EXPGUI interface to GSAS: /Users/toby/projects/exampleFAP/FAPATITE.EXP (modified)
File Options Powder Xtal Graphs Results Calc Macro Import/Export Help

_expnam | expedt | genles | powpref | powplot | Istview | liveplot | leBail |
LS Controls Phase | Powder | Scaling | Profile | Re/Constraints | Rigid Body | MD Pref Orient | SH Pref Orient |

Phase:’T Replace title:lfrom {Users/toby/projects/exampleF AP/F AP.cif
Add a 9375484 | b [9.375484 | ¢ 6.888769 | Eqit Refine Cell v
Phase « [90.0000 | B [80.0000 | ¥ [120.0000 | Cell | Cell damping 0 —
* name type ref/damp fractional coordinates Mult Occupancy Uiso
1cal CcA X0 U0 0 0.333330 0.666670 0.001000 4 1.0000 0.01000 (A
2 CA2 CA X0 U0 0  0.242000 0.992000 0.250000 6 1.0000 0.01000
3 p3 P X0 U0 0 0.397000 0.367000 0.250000 6 1.0000  0.01000
4 F4 F X0 U0 O 0.000000 0.000000 0.250000 2 1.0000 0.01000
5 05 0 X0 U0 0  0.325000 0.485000 0.250000 6 1.0000 0.01000
6 06 0 X0 U0 0 0.591000 0.469000 0.250000 6 1.0000  0.01000
7 07 0 X0 U0 0  0.340000 0.258000 0.070000 12 1.0000  0.01000

] =

Set refinement options: atoms 1-7 Add New Atoms

Refinement Flags: v X v U F  Damping: X 0 —4| U o —4| F o —4| Modify Atoms
| | |

| | | | | |

4

Press genles to refine. The agreement improves a bit. If this structure were a bit
more complex, we might have initially grouped some Uiso values or only vary some
of the heavy atoms.

Now lets improve the peak shapes. The initial profile is not fitting the tails of the
pattern well (see the liveplot example above), so let’s refine the two Lorentian terms

LX and LY - but one at a time.
eno N\ EXPGUI interface to GSAS: /Users/toby/projects/exampleFAP/FAPATITE.EXP (modified)

File Options Powder Xtal Graphs Results Calc Macro Import/Export He

|_expnam | expedt | genles | powpref | powplot | Istview | liveplot | leBail |
j LS Controls | Phase | Powder | Scaling Profile | Re/Constraints | Rigid Body | MD Pref Orient | SH Pref Orient

Select a histogram |—Hist 1 — Phase 1 (type 3)
h# type bank ang/wave titl “ - O T E—
N T T EE0—TE 00— Damping 0O Peak cutoff\D.m Change Type

GU [ |2.000000E+00 GV [ |-2.000000E+00GW [ |5.000000E+00
GP [ |0.100000E+00 LX ~ |0.000000E+00 LY [ |0.000000E+00
SiL [ |0.100000E-01 H/L [ |0.100000E-01

Click on LX and then genles. X? drops to 29.
Try the same with LY turning LX off



A 2R N\ EAFUUIL IMLENTALE 1O UDAD! JUSErS/L00DY/ pProjecis/exdrmpierAr/rArALLLE.EAF (Moalnea)

File Options Powder Xtal Graphs Results Calc Macro Import/Export Hel

expnam | expedt | genles | powpref | powplot | Istview | liveplot | leBail
LS Controls | Phase | Powder | Scaling Profile | Re/Constraints | Rigid Body | MD Pref Qrient | SH Pref Qrient

Select a histogram Hist 1 — Phase 1 (type 3)

h# type bank ang/wave ti ; .
1 % 1 1.54050 15.00( Damping 0 — | Peak cutoff 001 Change Type

GU [ |0.200000E+01 GV [ -0.200000E+01 GW [ |0.500000E+01
GP [ |0.100000E+00 LX [ |0.513677E+01 LY W~ |0.000000E+00
S/L [ |0.100000E-01 HIL [ |0.100000E-01 trns 0.000000E+00
shft [ |0.000000E+00 stec | |0.000000E+00 ptec [ |0.000000E+00
sfec [ |0.000000E+00 L11 [ |0.000000E+00 L22 0.000000E+00
L33 0.000000E+00 L12 [ |0.000000E+00 L13 0.000000E+00
123 [ |0.000000E+00

Run genles, X? barely drops, so we do not need this. We could reject the change by
pressmg Continue with Old. Lets try the Gaussian U,V,W terms without LX or LY:

\ EXPGUI interface to GSAS: /Users/toby/projects/exampleFAP/FAPATITE.EXP (modified)
File Options Powder Xtal Graphs Results Calc Macro Import/Export Help

expnam | expedt | genles | powpref | powplot | Istview | liveplot | leBail
LS Controls | Phase | Powder | Scaling Profile | Re/Constraints | Rigid Body | MD Pref Orient | SH Pref Orient |

Select a histogram —Hist 1 —Phase 1 (type 3)

h# e bank ang/wave ti .

. t; - 1?54050 TEG A Damping 0 - | Peak cutoff|0.01 Change Type
GU v |0.200000E+01 GV W |-0.200000E+01 GW W~ |0.500000E+01
GP [ |0.100000E+00 LX [ |0.513677E+01 LY [ |0.000000E+00
SiL [ |0.100000E-01 HIL 0.100000E-01 trns 0.000000E+00
shft [ |0.000000E+00 stec 0.000000E+00 ptec [ |0.000000E+00
sfec [ |0.000000E+00 L11 [ |0.000000E+00 L22 [ |0.000000E+00

Run genles, X? barely drops just a bit, to 26. Now we can try LX with those terms

e no \ EXPGUI interface to GSAS: /Users/toby/projects/exampleFAP/FAPATITE.EXP (modified)
File Options Powder Xtal Graphs Results Calc Macro Import/Export Help

expnam | expedt | genles | powpref | powplot | Istview | liveplot | leBail
LS Controls | Phase | Powder | Scaling Profile | Re/Constraints | Rigid Body | MD Pref Grient | SH Pref Orient |

Select a histogram —Hist 1 —Phase 1 (type 3)

h# e bank ang/wave ti o

7 ﬁ T 19";4050 (Y Damping 0 — | Peak cutoff|0.01 Change Type
GU ¥ |0.132815E+03 GV v |-0.114839E+03 GW ¥ |0.264666E+02
GP 0.100000E+00 LX W~ |0513677E+01 LY [ |0.000000E+00
SIL I |0.100000E-01 HIL 0.100000E-01 trns [ |0.000000E+00
shft [ |0.000000E+00 stec | |0.000000E+00 ptec [ |0.000000E+00
sfec 0.000000E+00 L11 0.000000E+00 122 [ |0.000000E+00

since the peak shape has been changed a fair amount, lets run powpref and then
genles. X? drops quite a bit, to 17. It is a good idea to run powpref and genles again,
but not much changes.

Since this is Bragg-Brentano (lab) data, lets correct for sample shift and
transparency (since the sample is not that absorbing). Turn on shft and trns:



™M) \ EXPGUI interface to GSAS: /Users/toby/projects/exampleFAP/FAPATITE.EXP (modified)
File Options Powder Xtal Graphs Results Calc Macro Import/Export Help

expnam | expedt | genles | powpref | powplot | Istview | liveplot | leBail
LS Controls | Phase | Powder | Scaling Profile |Re!Constraints | Rigid Body | MD Pref Orient | SH Pref Crient |

Select a histogram —Hist 1 —Phase 1 (type 3)
h# type bank ang/wave ti

To5 T LR TR Damplngo_—ll Peak cutoff 0.01 Change Type

GU v |0.813404E+02 GV v -0.693092E+02 GW ~ |0.172367E+02
GP | |0.100000E+00 LX W~ |0.469253E+01 LY 0.000000E+00
SiL  |0.100000E-01 H/L [ |0.100000E-01 trns v |0.000000E+00
shft v |0.000000E+00 stec [ |0.000000E+00 ptec [ |0.000000E+00
sfec [ |0.000000E+00 L11 [ |0.000000E+00 L22 [ |0.000000E+00
[
[

L33 0.000000E+00 L12 | |0.000000E+00 L13 0.000000E+00
123 0.000000E+00

lets run genles. X? drops quite a bit, to 5. Again since peaks have moved, lets run
powpref and then genles again. X? even more, to 3.2. Doing that again causes no
improvement.

There are probably a few more things we should try in this fit, but it is mostly
complete.



